Abstract -Feeding behaviour of adult European anchovy (Engraulis encrasicolus) was studied in the Gulf of Lions (northwestern Mediterranean Sea) in relation to major abiotic and biotic factors. Observations were made during the main spawning period (summer) for two years, data were collected through hydrological profiling, zooplankton hauls and fish trawling performed in areas of high anchovy density. Temperature, salinity and zooplankton biomass were stratified in the study areas, with cladocerans numerous above the thermocline whereas copepods were dominant below. Engraulis encrasicolus was strictly zooplanctivorous during the main spawning season with copepod and crustacean larvae dominating in stomach contents. Anchovy exhibited high trophic activity during the day when they were below the thermocline, with food ingestion equivalent to about 4 % wet body weight per day. Anchovy in the Gulf of Lions employ two feeding modes: selective on large prey and filter-feeding mechanism on small prey. © 2000 Ifremer/CNRS/IRD/É ditions scientifiques et médicales Elsevier SAS anchovy / feeding / zooplankton / spawning / Mediterranean Sea Résumé -Régime, comportement et activité trophique de l'anchois (Engraulis encrasicolus L.) dans le golfe du Lion (Méditerranée). Le comportement trophique de l'anchois adulte (Engraulis encrasicolus) a été étudié dans le golfe du Lion (nord-ouest de la Méditerranée) en relation avec les facteurs environnementaux. Les observations ont été réalisées pendant la période majeure de reproduction (été) de deux années successives. Des profils hydrologiques, des pêches zooplanctoniques et des chalutages ont été effectués dans des zones caractérisées par de fortes densités d'anchois. La colonne d'eau est stratifiée en température, salinité et biomasse zooplanctonique, avec les cladocères nombreux au-dessus de la thermocline et les copépodes dominants au-dessous. L'anchois est strictement zooplanctonophage pendant la période majeure de reproduction se nourrissant essentiellement de copépodes et de larves de crustacés. Les anchois présentent une activité trophique importante au cours de la journée, lorsqu'ils se trouvent au-dessous de la thermocline, avec une ingestion de nourriture d'environ 4 % du poids frais de leur corps. Dans le golfe du Lion, l'anchois utilise deux types de mécanismes alimentaires : sélection sur les proies de grande taille et filtration sur les proies de petite taille. 
INTRODUCTION
Anchovies (Family Engraulidae) are frequently the dominant pelagic fish species in coastal upwelling systems around the world and the economical importance of their fishery is well known (see reviews [2, 5] ). But anchovies are also present in some less productive regions where their fishery is relatively important, for example Engraulis encrasicolus in European seas: the catch ranges between 181 000 tons and 636 000 tons according to the year [15] .
In the Gulf of Lions, located in the Mediterranean Sea between 42°15' N and 43°35' N latitude and 3°00' E and 6°00' E longitude along French coasts and covering an area of 3 661 square nautical miles with a large continental shelf, the French anchovy fishery ranks second or third in catch (6 000 -10 000 tons) as well as in economical value (60-70 million FF) according to the year.
Nevertheless, in the northwestern Mediterranean Sea, studies on anchovy ecology are limited to the Catalan Sea: most concern egg and larvae distributions and feeding of larvae [38 -40] ; data on adult feeding remain few [44, 45] . In the Gulf of Lions, the only information about anchovy concerns spawning, which mainly occurs in summer and peaks in July [1, 28] .
Studies on the feeding behaviour of adult anchovies performed on many species and in different areas showed that whilst tooth phytoplankton and zooplankton are found in anchovy stomachs [8, 9, 23, 25, 26, 31, 32, 34, 46] , zooplankton is considered to provide the major dietary input [8, 9, 23, 26, 32, 34] . According to several authors [4, 7, 34, 44, 46] , anchovy feeding is mainly diurnal, although crepuscular [23] and nocturnal [7] feeding activities have been reported.
The aim of the present paper is to study the respective influences of important abiotic and biotic factors on the feeding behaviour of the European anchovy (Engraulis encrasicolus) in the Gulf of Lions during summer. In particular, the relationships between food availability and feeding and their possible consequences on anchovy distribution in this area are examined.
MATERIAL AND METHODS
This study was carried out in the Gulf of Lions during two cruises over the continental shelf: PELMED 95 (PM 95) was from 31 July-1 September 1995 and PELMED 96 (PM 96) was from 28 June-31 July 1996). Both cruises were conducted aboard the R.V. l'Europe and were divided into two parts (figure 1). The aim of the first part of each cruise was to assess the stock of small pelagic fishes using acoustic methods and continuous observations along regularly spaced (12 nautical miles) inshore-offshore transects. Pelagic trawls were performed to identify target species. The second part of each cruise focused on the ecology of the anchovy. Pelagic trawling, hydrological and zooplankton sampling were performed in specific areas where high densities of anchovy were detected by echosounding: two areas of 5× 5 square miles (1 and 2) were chosen during PM 95, and two transects (24 and 27) during PM 96 (figure 1).
Hydrological data
Temperature and salinity profiles were recorded with a CTD probe during the second part of each cruise. During PM 95, 14 profiles were performed immediately after trawling at a point situated half-way between the beginning and the end of the trawl. During PM 96, measurements were carried out along two transects; on each transect sampling was conducted at five stations respectively located at 30, 60, 90, 120 and 200 m depth (figure 1-transect 24: stations A-E; transect 27: stations F-J).
Zooplankton samples
Along with hydrological profiles, zooplankton was collected with a WP-2 standard net (mesh size 200 mm). At each sampling station, the nets were towed vertically from the bottom of the thermocline to the surface; again from the bottom of the water column to the bottom of the thermocline (net equipped with a closing mechanism). During PM 96 at stations located in 30 m of water (A and F), a single haul was made from the bottom to the surface. In order to collect small zooplankton, a WP-2 net fitted with 80-mm mesh was towed vertically from the bottom of the water column to the surface at all stations during PM 96. On board, zooplankton samples were divided into two batches with a Motoda box; the first one was preserved in liquid nitrogen and the second in 5 % buffered formaldehyde. In the laboratory, samples preserved in liquid nitrogen were dried at 50°C for 72 h, and zooplankton dry weight was calculated in g·m − 3 . Zooplankton samples preserved in formalin were subsampled by the surface method [6] . Zooplankton samples were poured into a circular flat-bottomed receptacle of know surface. After homogenisation of the sample, three sub-samples delimited by a cylinder whose surface was known were picked out. Each sub-sample (about one thousand individuals) was decanted into a ''Dolfuss'' bowl. Specimens were sorted into different taxa and identified under a stereo-microscope to group level for ostracods, molluscs, and Mallacostracean larvae (large crustacean) and to species level for cladocerans and copepods except Clausocalanidae, Oithonidae, Oncaeidae, and Corycaeidae which were identified to genus level. The number and the relative abundance of the different taxa were calculated per cubic metre.
Fish samples
The position of anchovy shoals in the water column were detected by echo-sounding (Echo-sounder OS-SIAN ® 38 kHz). Anchovies were collected using a mid-water trawl towed for about one hour between 5 h and 17 h (U.T.) during PM 95, and between 4 h and 22 h (U.T.) during PM 96 (table I) . The night samples were scarce because of rules of the work. Twenty three tows were carried out during each cruise. One kilogram of adult anchovy was sampled at random from every haul and immediately frozen at − 40°C to stop digestive processes; later, fish were preserved at − 20°C until laboratory analysis. From each kilogram sampled, 15 to 33 adult anchovy were selected at random and the following measurements taken: fish total length (TL) rounded down to the nearest 0.5 cm, fish wet weight (FW, to the nearest 0.001 g), gonad wet weight with sex determination (GW, to the nearest 0.001 g), wet weight of the actual stomach contents (SW, to the nearest 0.1 mg). A total of 354 and 503 fish were studied from PM 95 and PM 96 respectively. The vacuity index (V) and the stomach fullness index (F) were used to determine feeding activity:
where E was the number of empty stomachs and T the total number of stomachs analysed per trawl.
Most anchovies had food in stomach throughout the day and the prey were intact or partially digested. Thus, anchovies fed continuously during the day. Therefore, fishes with empty stomachs were not used in the estimation of F. The mean and standard deviation of F were calculated for each trawl, the ''locally weighted regression'' [10] was used to determine the effects of anchovy sex and size on the fullness index.
Daily ration was estimated for fish sampled in area 1 during PM 95, for all samples collected during the second part of PM 96, excluding trawls in which the anchovy mean size was much higher than the main mode of the size range observed during the survey.
The exponential model described by Elliott and Persson [14] was used to calculate food consumption during the day:
where C t is the amount of food consumed in t hours, R is the instantaneous gastric evacuation rate, F 0 and F t are the means of the stomach fullness index of anchovies calculated stepwise from trawl 0 to trawl t, then from trawl t to trawl t+x. The sum of the partial consumption (C t ) gives the food consumption over the time interval covered by all trawls. The R value we used (0.423) came from the Tudela and Palomera [44] estimates on Engraulis encrasicolus from the Catalan Sea. The standard error of C t was calculated according to the Worobec method [49] as suggested by Tudela and Palomera [44] .
Prey numbers and specific determination of items found in anchovy stomachs were studied using the same criteria as those chosen for the plankton samples. A total of 526 anchovy were analysed: 279 from PM 95 and 247 from PM 96.
The index of preponderance (I i ) [33] was used to characterize the feeding habits of anchovy:
where Mi is the ratio (in percent) of the weight of the prey i to the weight of all the prey items and Oi is the occurrence of the prey i.
The index of preponderance was calculated for anchovies from each area in PM 95 and from each transect in PM 96. The index was a ''mixed method'' to analyse the diet of the fish. Prey items were ranked according to the product of their weight in the stomach and the frequency with which that item occurred. Hence, this index avoided the positive bias towards small but frequently-encountered prey items (such as small copepods) inherent in the numerical method and also avoided positively biasing large and infrequently-found prey items (such as fish larva) which would be the case if only the gravimetric method was used. The index of preponderance therefore provided a hierarchy of the relative importance of prey items with the most important ones having the highest values.
The graphical method of Costello [11] provides a representation of the percentage weight versus the frequency of occurrence of dominant prey items, and was used to determine the feeding behaviour of anchovy according to their length. The distribution of anchovy length was of the Gauss type for both years, and anchovies of the upper and lower length classes were clustered to obtain approximately similar number of individuals in each group. Five length classes (11.5 cm, 12.0 cm, 12.5 cm, 13.0 cm, 13.5 cm) were defined for PM 95 and six (11.5 cm, 12.0 cm, 12.5 cm, 13.0 cm, 13.5 cm, 14.0 cm) for PM 96.
Prey dry weights used in the index calculations were measured in the laboratory for the dominant copepod species, fish larvae and crustacean larvae. Sets of Microsetella rosea, Temora stylifera and Candacia armata were dried at 50°C for 72 h. As suggested by James [23] , a power regression of dry weight versus total length (except furca) was calculated and used to estimate the weight of other copepod species. Sets of fish larvae and crustacean larvae of each group were dried at 50°C for 72 h; their mean values were used in index calculations. For rare prey items, we used the equations given by James [23] .
3. RESULTS
Hydrological features
In both areas (PM 95) and along both transects (PM 96), the water column showed strong thermal stratification (figure 2). The thermocline was situated between 10-20 m depth in area 1 and between 8-15 m depth in area 2. Along transect 24, the superficial thermocline was located between 8 -20 m. A second deeper thermocline (30 -60 m depth) was observed at three stations (C, D, E). Along transect 27, the second thermocline was situated just below the upper one.
The water column was more stratified in salinity in areas 1 and 2 during PM 95 than along transects 24 and 27 during PM 96 (figure 2). In both areas and along transect 27, the halocline was located at a similar depth to the thermocline. Along transect 24, the water column was homogeneous in salinity.
During PELMED 95, the last profile in each area was performed after a 3-day gale force wind (Mistral and Tramontane at 30 knots), which induced water mixing. Salinity was homogeneous and the thermocline sank to depths of 35 m (area 1) and 25 m (area 2).
Zooplankton
Zooplankton biomass was higher above the thermocline than below (mean values round 20 mg·m − 3 and around 10 mg·m − 3 respectively) during both PM 95 and PM 96 (table II) . Zooplankton composition also varied above and below the thermocline (tables III, IV). Above the thermocline cladocerans (Penilia a6i-rostris) and doliols swarmed and copepods made up less than 45 % of the total zooplankton in all areas and transects studied. Below the thermocline, copepods were dominant, with mean values ranging between 48 % and 80 %.
The most abundant copepods above and below the thermocline during PM 95, in decreasing order of importance were Clausocalanus spp., Paracalanus par6us, Temora stylifera, Oncaea spp., Centropages typicus, Corycaeus spp. and Oithona plumifera. The same species dominated during PM 96, although the order of importance was slightly different. Miscellaneaous  772  1 637  96  618  -156 -320  3  226 115 1 610  23  533  867  20  89  265 644  745  Doliolidae  45  -3  -1  -1 0  -3  1  7  Chaetognata  1  11  2 9  2 2  6  8  2  4  16  1  7  1  3  -5  10  39  58  18  29  49  12  2  7  -56  39  -14  22  Appendicularia (Oïkopleura sp.)  1  -11  3 7  7  1 3  2  -2  3  ---1 3  3  1 6  4  -7  5  4  62 4 Miscellaneaous  136  134  94  6  75  244  19  57  125  -22  42  254  Doliolidae  8  27  2  4  8  -4  Chaetognata  1  5  6  3  3  8  -6  10  -50  30  12  4  5  39  -72 3 Appendicularia (Oïkopleura sp.) a Plankton tows from the bottom to the surface. (table IV) . Nevertheless, Microsetella rosea, a copepod absent from PM 95 collections, was very rare in plankton sampled with a 200 mm net during PM 96 but abundant in plankton sampled with a 80 mm net.
Feeding activity and consumption during the day by adult anchovy
Adult anchovy live in shoals under the thermocline during the daytime and are scattered above the thermocline during the night; the diel vertical migrations occur at sunset and sunrise for a brief time interval (20 -30 min, B. Liorzou, pers. comm.).
The vacuity index and the fullness index of anchovy showed that the fish had a continuous feeding activity pattern during the day and the early night (figures 3, 4). Late at night (4 h), anchovy stomachs were empty, which suggests that anchovy feeding activity is low during the night (figure 4).
Neither size nor sex had a significant effect on the fullness index of anchovies used for food consumption estimates. Using Elliott and Persson's model [14] we obtained: Food consumption during the daytime, expressed as a percentage of anchovy wet weight was 3.4 % and 3.9 % during PM 95 and PM 96, respectively.
Diet composition of adult anchovy
Zooplankton made up the total bulk of the diet of all the anchovies in the two campaigns (table V) . Copepods were the dominant prey items ( I (copepods) = 0.86). The dominant prey copepods were Candacia armata, Centropages typicus, Microsetella rosea, Clausocalanidae -Paracalanidae and Temora stylifera, but their rankings were different according to the area or the transect (table V) . The size of prey ranged between 0.8 mm (M. rosea) and \ 4.0 mm (large crustacea).
The copepod Candacia armata had the highest mean I value, and also the smallest CV, of the major prey items (table V) . This relatively low CV indicates that C. armata was a major dietary component at all the stations, in contrast to some of the other prey which were locally important (e.g. ClausocalanidaeParacalanidae).
The Costello graphical method showed that small copepods ( B1.1 mm) such as Corycaeus spp., Oncaea spp. and Clausocalanidae-Paracalanidae were frequent ingested prey, (55 -80 %) but constituted a low weight in anchovy stomachs ( B5 %) regardless of anchovy size except in 11.5 cm anchovies from PM 96 ( figures 5, 6 ). The occurrence of medium sized copepods (1.5 mm) such as Temora stylifera increased slightly with fish size (25 to 55 %) whereas weight variations (%) were more irregular. Large prey items ( \3 mm) such as fish larvae, megalops and Euphausiacea larvae were not frequent ( B35 %), but occasionally they made up 20 -42 % of the stomach content weight. Neither occurrence nor weight of fish larvae, Euphausiacea larvae and megalops increased with anchovy size. However, three copepods exhibited a clear pattern of variation: the occurrence and weight of the small-sized copepod Microsetella rosea decreased with increasing fish length. In contrast, the occurrence and weight of Centropages typicus (medium-large size, only found during PM96) and Candacia armata (large size) increased with increasing fish size.
DISCUSSION

Hydrological conditions and zooplankton abundance in the Gulf of Lions
During summer, the hydrology of the northwestern Mediterranean Sea is characterized by a strong stratification of the water column and a seasonal thermocline between 10 m and 20 m [35, 36] . Water from the Rhone river spreads out into the superficial layer over the continental shelf [36, 43] and frequent (approximately ten per summer) northwesterly winds (Tramontane and Mistral) induce coastal upwellings and subsequent complex advective circulation [35] . In accordance with these common features, water was warmer and saltier above than below the thermocline during the PELMED cruises, and in late PELMED 95 we also observed extensive mixing of the water column after gale force winds.
Our data show that near the mouth of the Rhone river (area 1 and transect 27), plankton biomass was not different from that found in the central part of the Gulf of Lions near Cap d'Agde (area 2 and transect 24). These results suggest that nutrients from the Rhone river did not increase zooplankton biomass off the area directly influenced by the freshwater plume, and agree with Razouls and Kouwenberg's studies carried out in July in the same area [42] .
In accordance with the water column stratification, the density and the specific composition of zooplankton were stratified. Mean biomass above the therm-cline was higher than below. With regard to the number of individuals per cubic metre, the differences between the two layers were striking, and above the thermocline, the most abundant species was Penilia a6irostris. This cladoceran, which displays parthenogenetic reproduction, is known to swarm in the surface layer during summer [30, 41] . Below the thermocline, copepods were dominant both in number and biomass. ), which agrees with Dugas and Koslow's [12] findings. Candacia armata, a large copepod, was frequent at low densities.
Feeding activity and estimation of food consumption of anchovy
Because of the vertical migration exhibited by anchovy, it is not surprising to find a large amount of copepods, abundant below the thermocline where anchovy spend the day, and few cladocerans and doliols, abundant above the thermocline, in anchovy stomach contents.
Studies of daily feeding activity of the European anchovy have shown either a daytime pattern of activity which peaks at dusk [34, 44, 45] or a diurnal and nocturnal activity with an occasional decrease between 21h00 and 24h00 (spawning hours), but no regular peak [7, 8] . Our results also showed obvious and continuous feeding activity during the day with no peak at a regular time. However, in PM 96, the feeding activity was higher in the afternoon than in the morning; values of the fullness index obtained at night seem to suggest that anchovy fed in early night and that feeding activity ceased later.
Assessment of daily food consumption gives different results according to the authors and to the year of the study for the same author. The extreme values range from 1.4 % to 9.3 % of the body weight [34] or from 7.7 to 23.8 % [7] . Our results for food consumption (3.4 % and 3.9 % of somatic body wet weight) assessed during daytime were similar to those given by Tudela and Palomera [44] for daily consumption (3.9 %). In our assessment, the food ingested during the first part of the night was not integrated; therefore, the consumption was underestimated and the daily ration would be higher.
The differences in food consumption estimated by various authors could be explained partly by the values of the evacuation rate (R) used: 1.02 and 0.423 by Bulgakova [7] and Tudela and Palomera [44] respectively. However, the differences in food consumption and thus feeding behaviour of anchovy could also arise from differences in the trophic environment prevailing in the study areas: Azov Sea [34] , Black Sea [7, 8] and Catalan Sea [44] .
Diet composition and feeding behaviour of adult anchovy
Studies on the feeding behaviour of Engraulidae from different areas and at different seasons have shown that Engraulis capensis [23] , Engraulis ringens [26] , Engraulis mordax [9] and Engraulis encrasicolus [8, 34] are essentially zooplanktonophagous. In the Catalan Sea, Tudela and Palomera [45] found that European anchovy was strictly zooplanktivorous during summer. In the Gulf of Lions, during the season of main spawning, our results have demonstrated that E. encrasicolus fed exclusively on zooplankton, the main prey items being copepods and crustacean larvae.
Laboratory studies on the feeding behaviour of small pelagic fishes have shown two types of behaviour: filter-feeding and raptorial-feeding [3, 13, 20-22, 24, 29, 37, 47, 48] . Atlantic menhaden was strictly filterfeeder [13] but others fishes like pilchard, anchovy, herring and mackerel used the two mechanisms of feeding [3, 20-22, 24, 29, 37, 47, 48] . The mechanism used depended essentially on size and density of prey. Clupea harengus [3, [20] [21] [22] and Scomber japonicus [37] used biting when prey were in low density and filtration when prey were high in density. Sardinops sagax [47, 48] was a filter-feeder on small prey present in both low and high density and on large prey present in high density. Pilchard used the raptorialfeeding only on large prey present in low density. Herring, pilchard and mackerel used preferentially the filter-feeding. Engraulis mordax [26] and Engraulis capensis [21] were filter-feeders on small prey and raptorial-feeders on large prey whatever the level of food concentration (above a threshold concentration), but they often used raptorial feeding.
After analysing the ratio prey-diameter/prey-length for northern anchovy feeding under natural conditions, Chiappa-Carrara and Gallardo-Gabello [9] concluded that filter-feeding was used for prey B1.5 mm, and biting for prey \1.5 mm. Similarly, Bulgakova [8] concluded that inert items such as phytoplankton, copepod eggs and veligers were ingested by filtration, and larger swimming prey such as adult copepods and fish larvae were caught by raptorial feeding.
In our study, the usual feeding behaviour of adult anchovy, i.e. filtration on small prey and predation on large prey, was observed. Microsetella rosea (0.8 mm), which was very abundant in stomach contents of anchovy B 12 cm (PM 95) and anchovy B 13.0 cm (PM 96), was also abundant in the field suggesting filter feeding by small anchovy. And Candacia armata (2.5 mm), rare in plankton samples, was an important prey of anchovy \13 cm, suggesting selective feeding by large anchovy. However, this selective mechanism could be developed by small anchovy as demonstrated by the occurrence of large and active prey (Mallacostracean larvae) in stomach contents of 11.5 cm anchovies. These two mechanisms, filtration and predation appear to be mainly developed in small and large European anchovy, respectively.
